N, N'-Dihexadecyl-N,N,N',N'- H, 11.37; N, 3.81) .
N, N'-Dihexadecyl-N,N,N',N'- H, 12.09; N, 3.78) . N'-Dihexadecyl-N,N,N',N'- , 12.09; N, 3.80) .
Sonication
An ultrasonic homogenizer (Branson Sonifier II model 250, Danbury, CT, USA) equipped with a 3.2 mm microtip was used for the dispersion of gemini surfactant-silica composites (maximum power 50 W, frequency 20 kHz). The samples (2 mL) were sonicated for 10 s (20% amplitude, 0.5 s pulse, 0.5 s pause) with cooling in an ice bath to prevent increase of the sample temperature.
Transmission electron microscopy observations
Transmission electron microscopy (TEM) observations were made with a JEOL JEM- 
Zeta potential measurements
The zeta potentials of the gemini surfactant-silica composite and its calcine were measured at 20 °C with a Malvern Zetasizer Nano ZS.
Elemental analysis
The amount of gemini surfactant in the composites was estimated by elemental analysis.
The freeze-dried composites were further dried at 120 °C for 3 h before analysis.
H NMR spectroscopy measurements
The chemical structure of the gemini surfactant in the composite was confirmed by 1 H NMR measurement. The gemini surfactant was extracted with hot methanol (55 °C) from the freeze-dried composite and then dried in a vacuum. The resulting solid was dissolved in deuterated methanol containing 0.03% tetramethylsilane (TMS) as an internal reference and measured at room temperature.
Differential scanning calorimetry measurements
The gel-to-liquid-crystalline phase transition temperatures (T c 's) and transition enthalpies (∆H's) of the gemini surfactants in water before and after compositing were measured by differential scanning calorimetry (DSC) measurements with a Seoko Sii Exstar DSC7020
calorimeter. Encapsulated in a silver capsule, 15 µL of aqueous solutions of the bare gemini surfactants (5.0 mM) and an aqueous dispersion of the composite (14.6 mg mL -1 ) were scanned using a heating rate of 2.0 °C min −1 from room temperature to 80 °C.
Ultraviolet-visible absorption and circular dichroism spectral measurements
Aqueous dispersions of the gemini surfactant-silica composites (5 mg mL -1 , pH 3.0) were added to MO aqueous solutions (0.04 mM, pH 3.0) and then subjected to ultraviolet-visible (UV-vis) absorption and circular dichroism (CD) spectral measurements using a JASCO J-820 spectropolarimeter equipped with a JASCO PTC-423L temperature controller. The samples in a 1.0 cm path length quartz cell were incubated in a sample holder for 5 min at 20 °C.
Calculation of the volume per cent of the interwall space in the silica matrix
The volume per cent of ~31 wt% 16-2-16 2Br -in the composite was calculated to be ~46
vol% from the densities of silica = 2.2 g cm -3 and the gemini surfactant = 1.05 g cm -3 . 15 From the values of the distance between the silica walls (around 6.5 nm) and the thickness of the silica walls (around 3.5 nm), 15 the volume per cent of the interwall space was calculated to be 52 vol%, which almost corresponds to the volume per cent of the 16-2-16 Br -molecules in the composite (~46 vol%).
Supplementary figures
Fig. S1 Zeta potential diagrams of gemini surfactant-silica composites in water at pH 3.0 before and after calcination at 600 °C for 3 h (temperature = 20 °C).
The 16-2-16 2Br --silica composite showed good dispersibility in water at pH 3.0 (13 mV).
Conversely, after removal of the residual gemini surfactant by calcination at 600 °C for 3 h, the calcine did not completely disperse at pH 3.0 because its hydroxyl groups were removed and it has no charge at this pH (0 mV). 
